Background
Results
Of 360 UGIB patients, 229 (63.6%) were high risk. In multivariable analysis, Q3 and Q4 were strongly associated with high risk; odds ratio (95% Confidence Interval) was 3.144 (1.250-7.905) and 4.182 (1.483-11.790 ) respectively (all p < 0.05). For lower GBS score group ( 6), the incidence of high risk was higher in Q4 (30%) and Q3 (20%) than in Q2 (12.5%) and Q1 (11.4%). For lower PRS group ( 2), the incidence of high-risk was higher in Q4 (73.7%) and Q3 (57.1%) than in Q1 (35.4%). Receiver operating characteristic analysis showed higher discrimination power in PRS + RDW (Area Under Curve [AUC] = 0.749) than PRS (AUC = 0.715) alone (p = 0.036). Otherwise GBS + RDW (AUC = 0.873) did not
Introduction
Acute upper gastrointestinal bleeding (UGIB) is a commonly encountered cause of admission to hospital. Patients presenting with acute UGIB have a wide range of clinical courses. Some cases of UGIB are self-limiting and do not require any significant treatment; however, urgent treatment, such as blood transfusion, endoscopic therapy and/or surgical therapy, is occasionally required in patients with severe UGIB. Despite 70-80% of UGIB cases being self-limiting, its mortality has been reported to be 6-13% [1] [2] [3] .
In UGIB patients, early risk stratification allows appropriate therapy that may be helpful for reducing morbidity and mortality. Multiple clinical factors, including old age, unstable vital signs, melena, and various comorbid illnesses, together with laboratory markers such as low hemoglobin (Hg) and elevated blood urea nitrogen (BUN) levels, are known to be associated with a high risk of morbidity and mortality [4] . Risk stratification principally depends on clinical decision, and universal risk stratification method was not established because there were multifactorial associations with the modality and mortality in UGIB patients.
Red-cell distribution width (RDW), which is a routine component of complete blood counts (CBC), represents the variability in size of circulating erythrocytes. Traditionally, this measure has been used to differentiate the etiology of anemia [5] . However, there is a widespread feeling that RDW may be a useful marker for predicting morbidity and mortality in various critical diseases [6] [7] [8] [9] [10] . The details of the relationship between an elevated RDW and poor outcomes have not been identified, although recent reports have revealed that RDW has an independent, linear relationship with recurrent or massive bleeding in critical conditions, including post-percutaneous coronary intervention, intracranial hematoma and multiple trauma patients [11] [12] [13] .
Considering the fact that some UGIB patients who suffer ongoing bleeding have a high risk of mortality, the possibility of using early RDW levels to allow risk stratification of patients with acute UGIB can be confidently hypothesized. The aim of this study was to evaluate the efficacy of early RDW to predict patients with high-risk UGIB, including those who require urgent therapy and those with a higher risk of morbidity and mortality.
as the presence of hematemesis/coffee-ground vomitus or melena. Exclusion criteria were a known hematologic disease, refusal of the laboratory study, further treatment or requested transport to another treatment facility and pregnant woman. Routine whole blood tests, including CBC, electrolytes, BUN, creatinine, liver function tests and coagulation tests were performed for all UGIB patients. CBC included Hg, hematocrit, RDW and other markers. All markers were measured in all UGIB patients within 1 h of arrival at the emergency department.
We obtained detailed clinical data including the patients' age, sex, active medication (current medication history of NSAIDS, Aspirin or Warfarin),comorbidities such as congestive heart failure, coronary artery disease, renal failure (patients diagnosed with acute kidney injury or chronic kidney disease), liver failure (patients diagnosed with acute liver failure or chronic liver cirrhotic patients except for a case where liver function was compensated) and metastatic cancer; their initial vital signs, including systolic blood pressure (SBP) and pulse rate; their history of syncope; and the presence of melena or hematemesis. Data about the results of treatment that were obtained included transfusions, re-bleeding, endoscopic findings, hemostatic therapy including the endoscopic adrenergic injection, endoscopic clipping, endoscopic thermo-coagulation, band ligation, trans-arterial embolization and surgery, and mortality. In addition, we used two clinical decision-making algorithms popular in the emergency department: the Pre-endoscopic Rockall Score (PRS) and the Glasgow Blatchford Score (GBS). The PRS is calculated using age, pulse rate, SBP and comorbidity [14] the GBS is calculated using BUN, Hg, SBP, pulse rate, melena, syncope, hepatic disease and cardiac failure [15] . Patients were categorized into the following four groups by RDW quartile: 1) Q1 (< 12.8%), 2) Q2 (12.9-14.4%), 3) Q3 (14.5-16.5%), and 4) Q4 (> 16.6%).
The high-risk group was defined as those who were treated by urgent blood transfusion, endoscopic therapy or surgery because of continued bleeding, as well as those who developed serious in-hospital complications including shock, re-bleeding or death. All patients who were not treated with specific interventions were classified as low risk. For determination of the variables associated with high-risk patients, multivariate logistic regression analysis was performed. In addition, we constructed receiver operating characteristic (ROC) curves, and the areas under the curves (AUC) and 95% confidence intervals (CI) was calculated to compare the discriminatory power of PRS, GBS and RDW level for predicting high-risk patients. All data were processed and all statistical analyses were performed using SPSS Statistics 17.0 (SPSS Inc., Chicago, IL) and web-based free-ware R 3.0 statistics program. A two-sided pvalue < 0.05 was considered significant.
Results

Baseline clinical data
During the study period, 394 patients were diagnosed with UGIB, among which, 34 were excluded because they refused treatment and/or laboratory evaluation (No = 6) or requested transportation to another facility (No = 16). Twelve patients with hematologic disease were excluded. Lastly, 360 patients met our study criteria. Table 1 shows the basic characteristics and outcomes of the study population.
Of the 360 patients who were enrolled in the study, endoscopy was performed in 352 except for two patients who died in the ED before the endoscopy and six who were denied an endoscopy. Among patients who underwent an endoscopy, a total of 18 patients (5.0%) were treated using adrenergic injection only and five patients (1.4%) were treated using endoscopic clips only. Twenty-one patients (5.8%) were treated using multi endoscopic therapies (combination of adrenergic injection, endoscopic clipping, and/or thermo-coagulation). For variceal bleeding controls, 37 band ligations (10.3%) were performed. For three patients who had refractory UGIB, trans-arterial embolization (No = 2) or emergency surgery (No = 1) were performed. Eighty-three patients were treated by hemostatic therapy with or without blood transfusion. In conclusion, a total of 229 patients (63.6%) was categorized as the high-risk group.
Compared with the low-risk patients, the high-risk patients were older and had a higher incidence of comorbidities and active medication. The initial findings indicated that a higher rate of low SBP (< 100 mmHg), high pulse rate (> 100/min), melena and syncope were observed in the high-risk UGIB group, and that they had higher BUN and RDW and lower Hg ( Table 2) . As for the cause of UGIB, variceal bleeding (71/93; 76.3%) showed a higher proportion of risk than non-variceal bleeding (158/267; 59.2%) (p = 0.004). Table 2 shows the distribution of all causes of UGIB between the low-and high-risk groups.
The relationship between the RDW values and high risk UGIB Table 3 outlines the patients' characteristics and clinical data by RDW quartile. Higher RDW quartiles were significantly associated with increased age, a higher incidence of comorbidities, higher incidence of active medication and a decrease in Hg. Higher RDW quartiles (especially Q3 and Q4) also included a higher frequency of high-risk UGIB and increased GBS and PRS scores compared with the lower quartile RDW groups.
In multivariate logistic regression analysis, a significant increase in the adjusted odd ratio (OR) of high-risk UGIB was found in RDW Q3 (OR: 3.144; 95% CI: 1.250-7.905) and Q4 (OR: 4.182; 95% CI: 1.483-11.790) compared with Q1. For other biomarkers, lower Hg (< 10.0 ng/ml) and higher BUN (> 25) were significantly associated with high-risk UGIB (OR: 10.805 and 12.751, respectively) ( Table 4) .
We performed a subset analysis of the variceal bleedingand non-variceal bleeding patient groups. The mean RDW values in the high-risk group were higher than in the low-risk group in both variceal bleeding (17.0 ± 2.9 vs. 15.9 ± 1.9; p = 0.051) and non-variceal bleeding patients non-variceal bleeding patients (15.2 ± 2.7 vs. 13.5 ± 1.9; p < 0.001). In variceal (Table 5) .
Efficacy of RDW addition to the GBS and PRS systems
The process of categorizing GBS resulted in 88 patients (14.8%) being given a score of six or less; these patients were thought to be at lower risk of requiring interventions [4, 15] . In this group, the incidence of high-risk UGI was greater in Q3 and Q4 (20%; 2/10 and 30%; 3/10, respectively) than in Q1 and Q2 (11.4%; 5/44 and 12.5%; 3/24, respectively) (all p < 0.001).
In the PRS scoring system, 164 patients (45.6%) had PRS scores of two or less; they were considered to have a good prognosis [4, 14] . The incidence of high-risk UGI was significantly greater in Q3 and Q4 (57.1%; 12/21 and 73.7%; 14/19, respectively) than in Q1 (35.4%; 28/79) (p = 0.017).
We used ROC curve analysis to compare the ability of GBS system, PRS system and the combination of GBS or PRS system plus the RDW score index (defined as zero for Q1 and Q2, 1 point for Q3 and 2 points for Q4 by reference to the data from the multivariable analysis) to discriminate high-risk UGIB. ROC curve analysis of GBS + RDW (AUC = 0.872) did not show a statistically significant increase in power of discriminating high-risk UGI patients than GBS alone (AUC = 0.864) (P = 0.098). Otherwise, PRS + RDW (AUC = 0.749) showed an increase in the power of discriminating high-risk UGI patients than PRS alone (AUC = 0.715) for discriminating high-risk UGI patients (p = 0.036) ( Table 6 ).
Discussion
Early risk stratification of UGIB patients has been a challenging task in emergency department. RDW was easily checkable, cheap and fast achievable laboratory data. To the best of our knowledge, this is the first study to evaluate the role RDW as a predictor of high-risk in UGIB patients. This current study showed that higher RDW level (especially over 14.5%) is an independent predictor of high-risk UGIB after adjustment for various patient and clinical factors. RDW over 14.5% was associated with approximately over 3-4 fold higher incidence of high risk in UGIB in our adjusted models. In the PRS system, the combination of RDW with the PRS system can increase the accuracy of identification of those low-risk patients who do not need urgent therapy and improve the discriminatory power of risk stratification in UGIB patients. RDW is a measurable parameter that represents the degree of heterogeneity of red blood cells. This parameter was previously mainly used to differentiate between causes of anemia. Recent, many reports have illustrated that the level of RDW may be closely associated with high morbidity and mortality, and have shown that it is an independent predictor of high morbidity and mortality in various types of malignancy, diabetes, and cardiovascular, thromboembolic, renal, liver and inflammatory diseases [5] [6] [7] [8] [9] [10] .
In some clinical settings involving blood loss, prediction of subsequent or concealed hemorrhage is very important. In the past, physicians paid no attention to the association between hemorrhagic loss and the RDW. However, recent studies in cardiovascular disease have shown that RDW has an independent, linear relationship with major bleeding after post-percutaneous coronary intervention [11] . In a trauma setting, a study by Paulus EM et al. analyzed the RDW and the requirement for massive transfusion in 3994 trauma patients, and showed a strong relationship between elevated RDW and serious blood loss after traumatic injury [13] . A possible explanation for this is that elevation of the RDW can reflect the dynamic hematologic response to large or subsequent blood loss.
Before the study, we hypothesized that increased RDW may be associated with high-risk UGIB because of the relationship discussed above between dynamic hematologic responses to major or ongoing bleeding and an elevated RDW. In multivariable analysis including previous known risk factors, such as abnormal vital signs, the presence of melena or syncope, underlying comorbidities, and a lower Hg or high BUN, a high RDW showed a strong independent association with high-risk UGIB after adjustment for the other risk factors. More interesting is that the incidence of high-risk UGI is proportional to the RDW level. For UGIB, it is important to discriminate those high-risk patients who may have uncontrolled bleeding resulting in high morbidity and mortality and the low-risk patients who may be safely discharged home with close and early follow-up [4] . For more accurate and objective risk stratification in emergency department, multiple severity-scoring systems, including the PRS and GBS, have been designed [14, 15] . Considering the complexity of the scoring systems compared with the easy accessibility, convenience and low cost of obtaining the RDW, measuring RDW level may be an attractive method to predict high-risk UGIB patients. However, despite its independent dose-dependent relationship with high-risk UGIB, the RDW value alone did not show sufficient discriminatory power in ROC analysis compared with the GBS scoring system for predicting high-risk UGIB.
Nevertheless, the current study identified a beneficial role of RDW in risk stratification for UGIB patients. A predictive scoring model combined with RDW may improve the power to discriminate risk populations. First, for the population with lower GBS (6 or less) or PRS (2 or less), who were thought to have a lower chance of high-risk UGIB [4] , RDW can be used as an adjuvant tool. Some patients in this population with lower GBS or PRS system may require treatment and suffer serious morbidity or mortality. Our sub-analysis of the patients with lower scores for both GBS and PRS showed that patients with lower RDW had a lower incidence of high-risk UGIB than the patients with higher RDW. After calculation of the predictive score, a secondary assessment using the RDW level may be helpful to improve the accuracy of risk stratification. Second, our study evaluated the efficacy of the addition of RDW scores derived from our multivariable analysis to the GBS and PRS scoring systems. In ROC analysis to discriminate high-risk UGIB patients, the addition of the RDW score resulted in higher AUC, sensitivity and specificity than using the individual scoring systems. The combination of the RDW score with the PRS score increased the AUC from 0.715 to 0.749. Otherwise, its combination with the GBS system did not show statistical increases in the discriminating power of risk stratification. The GBS system had an inherently stronger power of discrimination than the PRS score; thus, adding the effect of RDW scoring to GBS system may be not so effective in improving discriminating power. Otherwise, the RDW combination model seemed to be more useful in the PRS system for improving the discrimination of high risk in UGIB.
It is difficult in accepting a RDW as simply a predictor of high-risk in UGIB patients who is prone to continuous bleeding without definite pathologic link. Elevations of RDW are often observed in older or populations who had extensive comorbidities. Erythropoietin is known to be the main determinant of RDW. It has been clearly demonstrated that an increase in RDW is influenced by abnormal Erythropoietin production and hypo-functionality of the Erythropoietin response [16, 17] . In addition, aging, African ethnicity, strenuous exercise and pregnancy can increase the RDW level physiologically [18] [19] [20] . In pathologic conditions, including cell damage by oxidative stress, inflammatory reactions, increased erythrocyte fragmentation, and nutritional deficiency can lead bilologic and metabolic imbalances contributing to increase anisocytosis. This phenomenon is commonplace in various human diseases, including malignancy, cardiovascular disorder, inflammation, liver failure, renal failure and other chronic disease. Above facts are plausible explanations of the strong association between an elevated RDW and poor outcomes in various diseases [5] . High-risk UGIB is mainly associated with massive or subsequent bleeding. Considering that UGIB is a pathologic process involving inflammatory and thrombotic actions in vessels, a possible mechanism for its association with elevated RDW may be the suppression of erythrocyte maturation by inflammatory cytokines [21] [22] . This study had several limitations. First, the study population was small. The data were collected from a single tertiary hospital, meaning that the results may have limited generalizability. Second, our study population had a different distribution of causes of UGIB from those seen in Western or other countries. In Korea, variceal bleeding is common because of the high incidence of liver disease resulting from viral hepatitis B and chronic alcoholism. Third, our study population had a higher incidence of high-risk UGIB than those in previous studies. Our study comprised patients from the emergency department of a tertiary hospital; therefore, they may have had more severe disease than patients in smaller emergency departments or primary care facilities. In addition, the high proportion of patients with varix bleeding, which demands more therapeutic intervention, may have contributed to the high incidence of highrisk patients in our study.
Conclusion
For UGIB patients, a high RDW (! 14.5%) was strongly associated with high-risk UGIB. In practice, the combination of RDW with the GBS or PRS scoring indexes in patients with UGIB may increase the accuracy of the identification of low-risk patients and improve the discriminatory power of risk stratification. 
Supporting information
